Introduction
The economic dislocation accompanying sovereign debt defaults worsens the longer it takes debtors and creditors to find a negotiated solution (House et al., 2017; Schumacher et al., 2018) .
1
History shows that rogue creditors (also known as hold-out creditors) have often blocked restructuring processes, making these unnecessarily protracted and painful (Aguiar and Amador, 2014; Zettelmeyer, 2018) . In reaction, the international community has over time developed tools to minimize the costs created by these hold-out creditors. These include official procedures to unlock official lending (like the IMF's lending into arrears policy), codes of conduct, and legal remedies in the form of clauses introduced into bond contracts.
2 Within the last, collective action clauses (CAC), which are meant to facilitate debt workouts by removing the unanimity requirement to agree on a restructuring, have gained prominence (Gelpern et al., 2015) . Following the global crisis, governments began to add new collective action clauses to their bonds. In this paper, we study the impact of these innovations on the pricing of sovereign bonds.
Collective action clauses became popular in the early 2000s as the debate on how to tackle sovereign debt crisis tilted away from a statutory (Krueger, 2002 ) toward a market-based regime (Taylor, 2002) . Traditional CACs allow for changes in the terms of bond contracts, based on approval by a majority of bondholders in terms of outstanding principal. Two-thirds or threequarters majorities are often seen as reasonable thresholds. In reaction to the euro area crisis, as part of the setting up of the European Stability Mechanism, euro area countries agreed to include in all new sovereign bonds CACs (see Article 12(3) of the ESM Treaty). 3 The EA Model CAC (euro CAC) departed from the earlier model by lowering to two-thirds the majority needed at the level of each bond to approve a proposed amendment (counted as the aggregate principal amount of the outstanding debt securities of affected series capable of aggregation). 4 The euro CAC also contains an additional three-quarters majority, needed when counting all bonds targeted together (cross-series). Because of the dual majority requirement, this voting model is known as double-limb aggregation.
1 See Pitchford and Wright (2012) for a theoretical model on debt restructuring delays and the role of CACs.
2 Introducing explicit safeguards in bond documentation is the globally accepted market-based approach to debt restructuring. Legal practice has focused on: contract provisions relating to equal treatment of creditors (pari-passu and cross-default), and clauses setting voting rules for changing reserved matters.
3 A specific design of CACs was agreed separately and implemented individually by each issuer. 4 CACs contain two different thresholds under two-limb aggregation: 1) if the decision is approved in a meeting and 2) if it is passed by a written resolution signed on behalf of a majority of note-holders. The majorities are different in the two cases: 2/3 of votes cast in a meeting (meaning that abstentions are ignored) or 50%+1 of outstanding principal signing a written resolution (meaning that whoever doesn't sign is counted as a no vote).
In 2014, the International Capital Markets Association proposed a new CAC (ICMA CAC) featuring a different aggregation technique.
5 The ICMA CAC includes the possibility of using a unique aggregate vote across all bonds (single-limb) , in addition to a lower approval threshold for the double-limb aggregation than under the euro CAC. 6 This single-limb aggregation mechanism replaces the double threshold requirement with a single vote (subject to a majority of at least 75%) across all series, with no majority needed at the bond level.
7
Given that double-limb aggregation may not prevent bondholders from obtaining blocking positions in specific bonds, there is an ongoing debate within the euro area regarding the convenience of adding ICMA-like CACs to the documentation of sovereign bonds (Zettelmeyer, 2018; Andritzky et al., 2018) . Those in favour argue this would reduce uncertainty and provide incentives to buy these bonds. Those against highlight the negative signalling (potential defaults) and liquidity effects. 8 Remarkably, this debate proceeds with limited empirical evidence.
An important consideration regards the underlying legal system into which the CACs are introduced (Schumacher et al., ming) . While, originally, CACs were introduced in foreign law instruments with the aim to reduce the hold-out problem, their role can radically different in domestic law obligations (Buchheit et al., 2013) . Indeed, under domestic law, CACs are not necessary to restructure sovereign debt. The government can do it through a legislative act. In this context, the introduction of CACs might help reassuring investors by reducing government discretion (Carletti et al., 2018) .
9
This paper contributes to filling this analytical gap with two separate sets of evidence: one for euro CAC in domestic law issuances and another for ICMA CAC in foreign law issuances. To evaluate the impact of two-limbed CAC structures on euro area governments borrowing costs, we follow the work of Carletti et al. (2018) . As they do, we combine a matching technique with panel regressions. To provide additional insights we extend the sample data up until 2018 (theirs stops in 2015). Given that various transitory factors could affect the effect of the CACs overtime, our 5 In October 2014, Kazakhstan was the first country to issue a bond with the new ICMA CAC (Gelpern et al., 2015) .
6 More specifically, ICMA CACs apply the majority requirements of written resolutions under current CACs to meetings.
7 In reaction to the issues faced by Argentina at the time, ICMA (2014) also provided a new drafting for pari-passu clauses.
8 CACs create segmentation in sovereign bond markets (Cannata, 2018) . Bonds of the same issuer but with different CACs provisions might not be seen as perfectly fungible from a credit perspective, influencing secondary market liquidity.
9 According to the findings in Carletti et al. (2018) this is the case for issuers with strong legal institutions.
larger sample allows us to test whether the effects of CACs have changed over time. 10 Moreover, thanks to the larger pool of bonds and observations at our disposal, we study country-specific time-varying effects of the CACs. Additionally, while Carletti et al. (2018) match bonds with differences in remaining maturities of up to three years, we use an alternative (tighter) matching, with a narrower remaining maturity window (one year) to match the bonds, and also limit the difference between matches as regards coupons (below 5 percent) and original maturity at issuance (not more than ten years difference).
11
In line with the findings in Carletti et al. (2018) , our evidence shows that the dual-limbed euro CACs reduce borrowing costs; with the caveat that there is heterogeneity across countries.
Of particular interest, we find a large effect in both Italian and Spanish bond markets. In both cases, there is scope to argue that the inclusion of the CACs led investors to feel an increased degree of protection over a redenomination risk and the domestic legal character of the bonds. is not easy to find even though these new clauses have already been adopted by several emerging market economies (Zandstra, 2017) . Our results for Sweden point to a yield reducing effect from shifting to a single-limb aggregated CAC in foreign-law sovereign bonds, roughly between half and four basis points. While these findings are robust to different specifications, the few bonds and short time series available suggest caution is necessary in drawing conclusions from them.
The rest of this paper is organized as follows. Section 2 reviews the existing literature related to CAC provisions. Section 3 describes the euro area experience with the two-limb CACs and the related empirical analysis. Section 4 provides a preliminary evidence of the single-limb clause pricing effect for Sweden. Section 5 concludes.
10 According to Ratha et al. (2018) , these transitory effects could include first issue effects and changes in the investor base of the bonds. Additionally, given that the larger proportion of debt with CACs the likelier these will be effective, one could think that the dynamics of the proportion of debt with CACs also matter for their effect.
11 This choice is motivated by the fact that bonds with very different coupons and or original maturities may be viewed differently by market participants, even when their remaining maturity is not too different. One reason why very different coupons can make bonds look different is that they affect the sensitivity of duration to changes in interest rates. In turn, bonds issued with long maturities are often acquired by buy-and-hold investors (see Feldman et al. (2015) ). As a result, these bonds remain structurally different than shorter bonds, even when their remaining maturity becomes shorter.
12 We note that the large effect on Italy from the introduction of CACs may be the result of the euro CACs reducing the uncertainty related to the possibility of using a unilateral maturity extension embedded in some bonds (Edelen et al., 2012) . We note, however, that this is an Italian law provision, not a clause directly embedded in the terms of the bonds.
Literature Review
As the role of contractual protection in managing sovereign risk has increased in recent decades, a growing body of empirical work has studied their effect on market dynamics. CACs seek to avoid that a minority of debtors blocks a restructuring operation (hold-out problem) and prevent legal action that can obstruct the process. In theory, while CACs support a fast restructuring process, driving yields down, they may also generate moral hazard, making default more likely, driving yields up.
13 In this section, we summarize the existing empirical literature, with a focus on double and single-limb aggregation clauses. More recent studies have had the benefit of more and better data. However, the results of these studies have not been consistent. Motivated by the innovations that followed the global crisis, Bradley and Gulati (2013) were able to code for specific vote thresholds, and control for the type of governing laws. They found CACs to slightly decrease the cost of borrowing, particularly for weaker sovereigns. Bardozzetti and Dottori (2014) found a similar effect, albeit for sovereign issuers with ratings in the middle of the scale. 15 Ratha et al. (2018) find an ambiguous correlation between CACs and yields. In contrast with this evidence, focusing on the Venezuelan debt crisis, 13 Theory does not provide a unique answer. While Haldane et al. (2005) show that CACs reduce the coordination problem and lower yields, Shleifer (2003) points to an opposite effect because CACs make restructuring easier. Ghosal and Thampanishvong (2013) show in a theoretical model with debtor moral hazard and creditor coordination problems that moving CACs threshold away from unanimity might reduce welfare.
14 Originally, there were almost no bonds issued under New York-law without a unanimity requirement. Instead, most sovereign bonds issued under English-law allowed for contractual changes with less than unanimity. However, this kind of comparison was not taking into account two aspects of English-law bonds: 1) they did not have only the 75% vote threshold but they also required the physical meeting of bondholders (potentially exacerbating the holdout problem); 2) they had diminishing quorum requirements (Eichengreen and Mody, 2004) .
15 They argue this could be due to the fact that these sovereigns benefit most from an orderly restructuring, given they face a non-negligible probability of default (while the reputational cost of opportunistic behaviour is higher). Countries with higher ratings face such a low default probability that the impact from including CACs is negligible. Carletti et al. (2016) provide evidence that passing from unanimity to CACs with a 75% of vote requirement produced higher yield (between 8.6% and 10.86%). Instead, they find no pricing difference when the threshold was moved from 75% to 85%. Scott et al. (2018) , instead, found no evidence that different CAC provisions in Venezuela were priced differently, even close to default conditions. They claim that differences might show up after litigation-oriented funds initiate their legal action, as this is when the market can understand which bonds are targeted by holdout creditors.
Focusing on the euro area CACs, early evidence comes from Steffen and Schumacher (2014) that found no significant effect coming from the euro CAC. In turn, Carletti et al. (2018) find that bonds with euro CACs trade at lower yields, and that the quality of the legal system matters for the size of this effect. Countries whose legal system is more efficient feature lower yields in bonds with CACs. This, they argue, supports the idea that CACs decrease the legal risk associated with sovereign debt issued under domestic legislation. Focusing on Italy alone, De Santis (2017) finds that bonds with CACs trade at marginally better prices, around 10 bps. These findings regarding domestic law bonds confirm the theory in Bolton and Jeanne (2009) . Domestic bonds without CACs can be restructured simply by fiat. Therefore, they are easier to restructure than bonds including CACs, and should trade at a higher yield.
To date, given the lack of data (single-limb CACs are a relatively new phenomenon), there are no studies that we are aware of that examine the impact of single-limb collective action provisions. The only indication we have of their price impact is from the IMF, which reported on a preliminary basis in 2017, that the IMF staff had not perceived any observable impact of sovereign bond pricing from the introduction of single-limb CACs.
16
The euro area experience with two-limb CACs
In 2003, as part of a coordinated initiative to promote collective action clauses, EU Member States decided to include them in their foreign-law bonds from 1 January 2004. These CACs stipulated that approval by a three-quarters majority of bondholders in each bond series would be needed to restructure the terms of that series (bond-by-bond). The issue then was seen as relevant for 16 Results of surveys among public debt managers indicate that the inclusion of enhanced CACs has not had a pricing impact on new bond issuances. The available information suggests that market acceptance has been strong, yet the impact on pricing is considered to be rather insignificant. See International Monetary Fund (2017).
emerging economies, given that Euro area countries issued local-law bonds for the most part.
The issue of CACs did not resurface until the global crisis hit the euro area. In November 2010, the Euro group agreed that standardised and identical CACs would be included in all new euro area government bonds.
17 This obligation was codified in Article 12(3) of the ESM Treaty, which requires that the euro area Model CAC (euro CAC) be included in all securities with a tenor of more than one year, issued from 1 January 2013 onwards.
18 The euro CAC departs from the post-2003 model by lowering to two-thirds of the outstanding principal the majority needed at the bond level to approve a proposed amendment. In contrast, it also requires a three-quarters majority when counting all targeted bonds together.
The rest of this section uses pre-sampling matching techniques and panel regressions to study the effect of the inclusion of euro CACs on the pricing of sovereign bonds. We first introduce the dataset we built for the analysis. Then we briefly explain the econometric strategy, and discuss our results. Tables with regression results and the larger figures are presented in the appendix.
Data and Methodology
Our evaluation of the effect of euro CACs extends the analysis in Carletti et al. (2018) As they do, we focus on sovereign bonds issued under domestic law and use matching and panel regression techniques to gauge the effect of the clauses. We deviate, however, in three critical aspects: we use a larger sample, a stricter matching and also target country-specific time-varying effects. We collected all CAC bonds issued after the introduction of CAC with a cut-off date of 7 September 2018, and no-CAC bonds issued before 1 January 2013 but maturing after that date (297 bonds in total). We obtained weekly information for all active and matured euro-denominated government bonds issued by euro area countries under domestic law, with/without CAC provisions, and maturity above one year from Bloomberg.
19 Using the extracted ISIN from Bloomberg, we retrieved the governing law for each bond. In order to supplement the information on governing law (and crosscheck the information coming from Bloomberg), we applied the same filtering using the Dealogic database. We further narrowed down our bond sample to include only standard fixed coupon bonds. 20 After applying these filters, we are left with 235 CAC bonds (see Table 2 ).
We found no eligible bonds issued by Cyprus, Estonia, Greece, Latvia, Lithuania and Malta.
21

Bond matching
To improve the estimation accuracy, as per Carletti et al. (2018) , we pre-sample instruments that are sufficiently similar by applying a matching technique (Ho et al., 2007) . This technique is used as a pre-screening instrument in order to select bonds. We construct two data samples: bonds with, and without, CAC provisions. We perform our matching by coupling each CAC bond in the CAC bonds pool with another no-CAC bond in the no-CAC bonds pool. The matching is based on three criteria: same issuer, same currency, and closest residual maturity. We then turn to the treatment and control groups we built for our analysis. We read Carletti et al. (2018) as placing no restriction on the maximum distance on residual maturity that the matching allows.
This produces matches with up to three years difference. To achieve similar results, we adopt a strategy (henceforth loose matching) where we look for pairs of bonds with a difference in residual maturity between -3 and +3 years. This allows us to identify 201 pairs coming from Austria, Belgium, Finland, France, Germany, Ireland, Italy, Netherlands, Portugal and Spain (Table 2) .
One concern with this matching approach is that market participants may not view bonds with such differences in residual maturity as comparable. 22 Moreover, we further evaluate the quality of our matches by analysing how our matched bonds differ in two additional features critical to investors. As shown in Figure 1 and 2, we look at coupon and original maturity differences.
We observe that some of our matches have large differences in these dimensions. Some matches feature coupon differences of up to eight percent, in others original maturities vary by as much as 25 years. To make sure that these differences are not affecting our estimates, we create a tighter set of matches. First, when performing the matching, we limit the maturity difference between the CAC and no-CAC bond to one year. In addition, we eliminate all matches in which the difference in coupons is more than five percent and all those where the difference in original 20 In addition, bonds with embedded options, such as convertible, sinkable, puttable and callable were excluded. Finally, we delete bonds issued for retail investors, issued by sovereign-backed agencies.
21 Luxembourg, Slovakia and Slovenia are dropped because of limited price history. We also deleted a pair of Belgian bonds as the pricing history was incomplete.
22 Given sovereign bonds markets are populated by investors that specialize in different segments of the curve, multi-year differences in maturity can generate differences in pricing due to differences in investor types. The pricing effect of CACs might depend on the type of investors holding the bonds (Ratha et al., 2018; Choi et al., 2018) . maturity between the matched bonds is above 10 years.
23
The final dataset includes 115 pairs for the following countries: Austria, Belgium, Finland, France, Germany, Italy, Netherlands and Spain.
24 Table 2 in the appendix provides the country breakdown during each phase of data filtering and shows the maturity differential between CAC and no-CAC bonds in our sample. Some descriptive statistics of our sample are reported in Table   1 . A similar message emerges from both samples. On average, CAC bonds have lower yields, lower durations and are more liquid (as reflected in lower bid-ask spreads). Econometric analysis and discussion of results Following Carletti et al. (2018) , we estimate our benchmark econometric model using pooled OLS with robust standard errors :
23 As already mentioned, bonds with long original maturities are often acquired by buy-and-hold investors, making them structurally different even as their remaining maturity shortens.
24 Portugal and Ireland are removed from the sample as only one pair can be formed.
where y i,c,t is the yield of bond i from country c, at time t. CAC i is a dummy variable that equals 1 for bonds including CACs and 0 otherwise. Controls i,c,t is a vector of control variables including: credit ratings, to control for a country's creditworthiness, euro area 10-year government bond yield index to consider structural movements in sovereign bond yields, the bond's duration as a proxy for bond risk, the flow of bond purchases and stock of bond holdings by the ECB, and the bid-ask spread of the bond to control for liquidity. 25 χ c stands for a set of country-fixed effect and φ t contains weekly fixed-effects. Within this framework, the effect of including a collective action clause on a bond from country c is represented by β.
26 Table 4 contains the results. In all of our specifications controls are highly significant and mostly show the expected signs. 27 Limiting the sample to 2013 and 2014, as in Carletti et al.
(2018), we find that CAC provisions imply yields 11 bps to 6.5 bps lower, depending on whether we consider weekly and country fixed effects (column 2) or not (column 1). These coefficients remain highly significant but lower (5.3 and 4.45 bps) when we extend the sample until September 2018 adopting a loose matching (column 3 and 4). When we tight the matching, considering only one year difference in term of maturity date, maximum four percent difference in coupon rate and 10 years for original maturity, the values remain similar, highly significant and slightly lower (column 5 and 6). Given the predominance of Italian bonds in the sample, we run the same regression considering all the countries in our sample but Italy. The effect of CACs remains significant but it reduces by half.
This remarkable difference in the effect of CACs between Italy and the rest of our sample further motivates us to study the dynamic country-specific reaction to the introduction of CACs.
We begin by producing country specific effects and then move to allow these effects to be time varying.
25 We convert the rating into a numeric scale; with higher values representing higher ratings. 26 All data are in weekly frequency. 27 The coefficient associated with ECB purchases presents a positive sign, which we see as a reflection that purchases focus on the cheapest bonds available (see Nordea (2016) ). We note here that given the purchase limits (33% for non-CAC and 25% for CAC), the ECB is likely buying more non-CAC bonds, which should reduce their yields more than it does for CAC bonds.
Country-specific effects
Taking advantage of our large sample of observations, we study the country-specific effect of CAC by running equation (1) separately for each country.
28 Figure 3 depicts how the introduction of CACs seems to have produced heterogeneous country specific effects in both samples. In the loose matching the effect is always yield reducing whereas in the tight matching Netherlands is the only country presenting a tiny yield increasing effect. Once again, Italy stands out because of the large value of the CAC, although we also observe a large coefficient for Spain.
Time variation
Next, we estimate equation (1) at the year/country level. 29 This we do in order to assess whether, as discussed in Ratha et al. (2018) , the findings from papers focused on the early period after implementation of the euro CAC could reflect also transitory effects. By measuring the extent to which the effects have changed since the inception of the CACs our analysis also allows us to understand whether one needs to wait until the dust settles to be able to measure the long-run effect of a deep reform in sovereign bond markets. Table 5 and 6 presents the results. In both the loose and the tight matching, all countries in the sample show a decrease in yields of CAC bonds especially in the first years after the mandatory introduction of CAC provisions. Looking at the loose matching, the effect seems to stabilize in the territory of lower yields for CAC bonds (Belgium, Finland, France, Italy and Spain) or to converge toward zero over time (Germany and Netherlands). Results are broadly similar when considering the tight matching. Germany and Netherlands represent the only difference that shows slightly larger yields for CAC bonds in 2018. Figure 4 and 5 show some comparison effects respectively for the loose and the tight matching. Netherlands shows a convergence toward a zero difference between CAC and non-CAC bonds yields (Figure 4 ). Interestingly, Italy shows a sustained reduction in yields coming from the introduction of CACs of around ten basis points.
The difference is even larger when looking at the tight matching where yield differential for Italian CAC-bonds stabilize above 10 bps. The comparison between Spain and Germany shows a similar 28 Austria is dropped because of the low number of observations. 29 In this way, we allow for all of the explanatory variables to have time-varying effects. We also estimated time-varying CAC effects using the following country-specific model:
where β cj collects the time-varying effects coming from CACs on country c yields. Results were similar.
path. German CAC-bonds converge toward a zero difference with no-CAC bonds whereas Spanish CAC-bonds seem to stabilize at a lower yield of around 5 bps. The paths are broadly unchanged when looking at the tight matching.
Following the arguments put forward in Carletti et al. (2018) , in both cases there is scope to argue that the inclusion of the CACs led investors to feel an increased degree of protection against the risk of redenomination. There is indeed empirical evidence that financial markets actually priced in the possibility of these countries to convert their domestic law debt in another currency.
30
More specifically for Italy, two indicators were signalling a high redenomination risk perceived: the ISDA basis and the spread between local law bonds and foreign law bonds with CACs.
31 With the introduction of CACs in domestic law bonds, this possibility to convert domestic law debt was significantly reduced since it would have exposed the country to a non-negligible litigation risk. This, in line with our results, produced a significant drop in bond yields.
Another possible explanation for these significant results in Italy and Spain relate to the extent to which CACs interfere with the room of manoeuvre that the domestic legal character of the bonds provides. In the Italian case the effect may come from the fact that the inclusion of euro CACs arguably limits the ability of the Italian authorities to use the option of unilaterally extending the maturities of pre-2013 Italian local-law bonds -although the ability of the Italian government to uncontestably apply this option is not guaranteed. 32 In the case of Spain, the introduction of CACs came at a similar time as a modification in the Spanish constitution to grant the payment of public debt priority over any other budget item (Sanchez-Barrilao, 2013) .
33 The large effect (five bps) that we find for Spain may be driven by such renewed constitutional protection.
34
30 Italy and Spain were the countries most vulnerable to redenomination risk especially after the OMT. See Borri (ming); De Santis (2015) . 31 The ISDA basis refers to difference of the sovereign CDS price computed according to the ISDA 2014 standard (that includes currency conversion as credit event) and the price computed according to the ISDA 2003 standard (that does not include this possibility). In the first half of 2018, the ISDA basis increased from 27.5 to 115 bp. The spread between local law bonds and foreign law bonds with CACs indicates the risk underlying local law bonds without CACs and it reached a peak of 26bp between May and June 2018. See Minenna (2018) ; Scaggs (2018) ; Clare and Schmidlin (2014) .
32 The use of this maturity extension might be costly for the government since it might trigger sovereign credit default swaps and lose the eligibility for ECB purchases (see (Edelen et al., 2012) ).Additionally, as the proportion of Italian debt including CACs increases, the potential advantage provided to the Italian government by this clause is being diluted.
33 This constitutional change was part of the measures adopted in order to regain confidence from investors. 34 One reason why increased creditor protection should affect more bonds with CACs is presented in (Bolton and Jeanne, 2009) , who shows that "easier-to-restructure" liabilities are more likely to be involved in a partial default. Then, reforms that make partial default less likely should affect junior debt more, which in the Spanish case were the bonds with CACs.
A look at the frontline: Single-limb This section focuses on the Swedish experience. Given that the number of available bonds is rather small, we restrict ourselves to analyze the effect of the clause using panel regression techniques. In order to reduce the incidence of comparing bonds that are not that similar, we enlarge the set of explanatory variables to include other characteristics of the bonds such as their coupon and original maturities. An additional complication in this case is that Sweden issues its foreign bonds in both euro and dollar. We estimate effects separately in each of these markets.
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Data and Methodology
We collect all active and matured foreign currency bonds issued by the Swedish government since 2010 from Bloomberg, which gives us 38 eligible bonds. We also retrieve the governing law from Bloomberg, supplementing with data from Dealogic database and International Monetary Fund (2017) . From the documents of the Swedish National Debt Office, we found that bonds issued under the Euro Medium Term Note Programme (EMTN), after December 2016, contain the single-limb clause. In order to identify these bonds, we cross-checked information about governing law. Also, from the documents of the Swedish National Debt Office, we know that only bonds included in the EMTN or in the Euro-Commercial Paper (ECP) programmes are issued under English law and that bonds in the ECP programme have maturity lower than one year.
Therefore, from the pool of bonds listed in the Swedish National Debt Office's website, we were able to identify six single-limb bonds. Our sample is then made of 6 single-limb bonds and 30 traditional CAC bonds. Details on each of these bonds are presented in Table 3 in the appendix.
In terms on methodology, we use the same approach that we have used for the previous section using robust standard errors:
where y i,t is the yield of bond i at time t. CAC Since in these specifications we are forcing a homogeneous relation between CACs and yield in both markets, we run a similar experiment allowing effects to be different according to currency of denomination of the bonds included in the analysis. More specifically, the equation will be: Table 7 shows the results for the post 2009 sample and Table 8 for the post 2013. Column 2 represents our baseline specification with weekly fixed effects and bond fixed effects. Yields increase with duration and are larger for dollar-denominated bonds. Bid-ask spread shows instead a negative coefficient. Regarding our variables of interest, ICMA CACs seem to reduce sovereign yields by between half and four basis points (depending on the sample).
Columns 3 to 5 in both tables control respectively for weekly-fixed effects (column 3), bondfixed effects (column 4), and weekly-fixed effects plus random bond effects (column 5). Comfortingly, control variables present the same sign and significance. Interestingly, when looking at the currency separation, we notice some differences between bonds. ICMA CACs seem to have a consistently significant effect in the euro market. Euro-denominated bonds with ICMA CACs trade at lower yields (between half and one basis point depending on the model). We document a yield decreasing effect also on dollar-denominated bonds when controlling for weekly fixed effects (column 5).
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As last step, in order to look at structural differences across markets, we run the model for each currency separately. Given the low number of observations, we do not include time or bond fixed-effect. Column 6 refers to dollar-denominated bonds whereas column 7 focuses on the euro denominated ones. The effects on these specifications while statistically significant are economically minimal (below 0.2 bps).
Conclusions and implications
In this paper, we have studied the pricing implications from the introduction of two-limb CACs in euro area sovereign bonds. The narrow existing literature points to a beneficial effect for euro area sovereign yields from introducing CACs. This paper complements this literature by using a sample that covers the entire period since the euro CACs were introduced. Taking advantage of this large dataset, we present both country-specific and time-varying effects. This approach allows us to evaluate the extent to which CACs have heterogeneous effects in different economies (because of differences, for example, in the quality of their domestic legal regimes). It also allows us to test whether the effects obtained in previous studies, focused on the early period after implementation, are to be seen as permanent or transitory effects.
We find that yields for bonds with euro CACs are between six and two basis points lower.
Additionally, we document a significant degree of heterogeneity in the response of yields to CACs, both in the cross-section and over time. We document large long-run effects in both Italian and Spanish bond markets, while we observe no beneficial effect for Germany and Netherlands. Our results can be interpreted as implying that CACs helped mitigating redenomination fears, but also that they interplay with domestic legal systems that were considered weaker, reassuring investors and reducing the cost of issuing under domestic-law Carletti et al. (2018) . Interestingly, our results also show that in the early years since the implementation of the CACs, it was Netherlands and Germany who seem to have benefited from the inclusion of CACs. We read these dynamics as showing that transitory effects were important during the first years after the CACs were introduced. More generally, we see these results as indication that one needs to wait until the dust settles before being able to measure the long-run effect of deep reforms in sovereign bond markets.
Our paper also tries to contribute the current debate regarding the introduction of a single limb clause in euro area bonds, by presenting preliminary evidence on the effect of ICMA CACs on Swedish sovereign bond yields. Our results show that single-limb CACs lower yields. Given the low number of bonds and short time series, caution is necessary in drawing conclusions from these results. Figure 1 : Assessing the quality of the match between CAC and no-CAC bonds: Original maturities (-13 .76) (-305 .69) (-35 .99) (-214 .91) (-25 .10) (-57.32) Central bank bond holdings (-7 .03) (-14 .07) (-12.22 ) (-8.24 ) (-9 .93) (-6 Euro area reference yield refers to Bloomberg's ten-year euro area sovereign bond yield index. Central bank bond holdings and flow purchases are measured as percentage of total government debt. (-12 .42) (-11.13 ) (-13 .08) (-9 .37) (-3.29) (0.04) (-2.95) Central bank size (% GDP) (-36 .95) (-12 .67) (-5 .52) (-8.68 ) (-6 (-20 .51) (-11 .64) (-5.96) ICMA CAC dummy-dollar (-17 .39) (-12.94 ) (-18 .13) (-9 .69) (-5 (-27 .81) (-2.92 ) (-27 .26) (-3 .11) (-4 .45) (-8.24 ) (-4.58) ICMA CAC dummy -0.513 * * * -3.550 * * * -0.211 * * * 0.220 * * * (-17 .42) (-3 .38) (-7 .51) (6.15)
ICMA CAC dummy-euro -1.082 * * * -0.513 * * * -1.082 * * * (-17 .89) (-5 .61) (-7 
